Metallothioneins (MTs) are a family of low molecular weight, cysteine-rich metal binding proteins. They have been identified in a wide range of phyla from singleell organisms to humans [l] where they are found chelating the essential metal ions Zn or Cu and heavy metal pollutants such as Cd. The impact of heavy metal pollution on aquatic environments is extreme due to the inability of these pollutants to be dispersed in a similar manner to air borne contaminants. Therefore aquatic species face an increasing threat from the presence of toxic metals. It has been shown previously that certain species of fish such as the rainbow trout are sensitive to the presence of cadmium in their environment
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[2] whereas others (e.g. pike and stone loach) are able to tolerate much higher concentrations of the metal [3, 4] . The primary sequence of MTs from both cadmium-tolerant and sensitive fish species has been determined and comparison shows insufficient differences to account for changes in metal binding and therefore differential sensitivity [S] .
through which metal regulated transcription factors act has now been determined [6] within the 5'-flanking region of the MT gene loci in the cadmium-sensitive rainbow trout and the cadmiumtolerant pike and stone loach. A common dual cluster mangement of these metal regulatory elements (MREs) is found in all three fish species with 2-3 MRE sequences identified directly proximal to the start of transcription (-50 -100 bp upstream) and a second cluster of 2-4 MRE sequences identified in a distal location (-500 -700 bp upstream from the start of transcription). This dual cluster arrangement of the MREs is in marked contrast to that observed for mammalian MT genes where only a single larger cluster (2-6 MREs) is observed directly proximal to the start of transcription (-50 -200 bp upstream) [7] .
In order to investigate the functional significance of the dual cluster mangement of MREs flanking the fish MT genes, the Sl-region upstream from the stone loach MT gene (3.3 Kb) and deletions thereof were introduced into the mammalian expression vector pGL2 directly upstream from a luciferase reporter gene (Fig. 1) . Calcium phosphate transfections of HepG2 cells were performed with a mixture of the appropriate pGL2-construct and a constant quantity of a vector encoding the P-galactosidase gene under the control of an SV40 early promoter (pSV-P-gal). The expression of both luciferase and P-galactosidase was assayed 48 hours after transfection and the luciferase activity was normalised relative to expression of the P-galactosidase gene.
The location and arrangement of the DNA sequences The expression of the luciferase gene was assayed in response to exposure of the cells to various metal ions (Zn, Cu and Cd). The standardised expression data for the three luciferase constructs and the relative induction resulting from metal exposure are documented in Table 1 .
In the absence of MREs (construct SLE), no metalmediated induction was observed. With the extended constructs (SLA and SLC), Zn, and to a lesser extent, Cu and Cd, act to induce luciferase production. Furthermore, construct SLC containing both MRE clusters was induced by Zn to a greater extent than that containing only the proximal cluster. This suggests that the secondary distal cluster acts to enhance the induction by metal ions. In addition, in the absence of added heavy metals, there was a significant increase in luciferase activity in cells transfected with the extended constructs (SLA and SLC) in comparison with the construct containing neither MRE cluster (SLE) . This suggests that enough metal ions may be present in unsupplemented growth medium to promote increased transcription or that an additional genetic element may be encoded in the extended constructs which is also promoting gene transcription. A putative Ap1 site has been identified within the 5'-flanking region of the stone loach MT gene [6] and experiments are underway to investigate whether this is functionally active. aimed at dissecting the 5'-flanking regions of fish metallothionein genes. The functional activity of these 5'-flanking regions in promoting gene transcription in response to metal ions as well as other effectors such as hormones and oxidative stress, are at present being analysed in both fish and mammalian cell lines. Furthermore, it is now of paramount importance to identify the transcription factor(s) that interact with the MREs to mediate the response of genes to metal ions in both sensitive and tolerate fish species. This may aid in unravelling the molecular pathway by which the expression of a major cadmium chelating protein, metallothionein. is controlled.
These initial observations form a part of a wider study This work was supported by the Natural Environment Research Council (Grant GR3/8035).
